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1. Overview

This document evaluates the social costs of entrainment reduction technologies at the

Labadie Energy Center (LEC). By social costs, the U.S. Environmental Protection Agency (EPA)
means
costs estimated from the viewpoint of society, rather than individual
stakeholders. Social cost represents the total burden imposed on the economy; it

is the sum of all opportunity costs incurred associated with taking actions. These

opportunity costs consist of the value lost to society of all the goods and services

that will not be produced and consumed as a facility complies with permit

requirements, and society reallocates resources away from other production

activities and towards minimizing adverse environmental impacts (79 Fed. Reg.

158, 48432).

Reducing entrainment can generally be accomplished by altering operations, closing the
facility, or by purchasing, installing and operating entrainment reduction technologies. Installing
and operating entrainment reduction technologies would lead to physical changes and financial
effects that give rise to opportunity costs. When monetized, these are social costs. Social costs
from entrainment reductions can arise from several sources (Electric Power Research Institute

[EPRI] 2015; Bingham and Kinnell 2014):

Compliance Costs—the owner’s cost for purchasing, permitting, installing, operating and
maintaining entrainment reduction technologies.

o Government Regulatory Costs—permitting, monitoring, administering, and enforcing
regulatory compliance.

¢ Power System Costs—increased fuel costs from running more expensive units when
the facility is subject to outage, capacity reductions, or closure due to the
implementation of entrainment-reducing technologies.

¢ Environmental Externalities—changes in environmental quality such as those to water
flow, noise, emissions, and viewsheds.

e Economic Impacts—unit closures and electricity price increases.

The analysis conducted for LEC includes quantitative estimates for Compliance Costs,
Government Regulatory Costs, and Power System Costs as listed above. Wood (2019) and
Burns and McDonnell (2018) have considered several alternative screen, water reuse, and
closed-cycle cooling technologies and have evaluated the following options as potentially feasible
at LEC:

¢ 2.0mm dual-flow fine mesh screen (FMS) conversion

e 0.5mm FMS in an expanded cooling water intake structure (CWIS)
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e Closed-cycle mechanical draft cooling system retrofit.

1.1 Summary of Social Costs

The first step in estimating social costs is to determine whether the entrainment reducing
technology costs will result in the plant becoming uneconomic to operate. A premature shutdown
of the plant would have social costs related to loss of jobs, loss of income and expenditures, loss
of tax base, increased electricity costs due to generation being dispatched at a higher price from
less efficient plants, and increased infrastructure costs to maintain grid reliability. Installing
entrainment reducing technologies at LEC to comply with EPA’s Section (§) 316(b) Final Rule
represents an additional cost of operations that would most likely be passed onto Ameren
Missouri’s electric customers in the form of higher rates. These costs will need to be recovered
in future rate case filings. The plant’s significance in Ameren Missouri’s generating portfolio
suggests that only an extraordinarily expensive conversion requirement would lead to premature
closure. Therefore, this analysis assumes Ameren Missouri will incur the entrainment reducing

compliance costs and continue to operate the LEC plant.

The social costs of installing entrainment reduction technologies are estimated by
determining the design, construction and installation costs of the evaluated technologies along
with the operation and maintenance (O&M), power system, externality, and government
regulatory costs. The analysis assumes that all compliance costs would be passed on o Ameren
Missouri’s electric customers. Table 1 summarizes the results of this evaluation and its implication

for social costs.

Following the requirements of the rule, Table 1 evaluates social costs under two discount
rates: 3 and 7 percent (79 Fed. Reg. 158, p. 48428). As the first column of Table 1 shows, the
top half of the table presents the present value of social costs discounted at 3 percent, and the
bottom half presents the social costs discounted at 7 percent. The next column of the table
presents each of the feasible compliance options evaluated at LEC. The third and fourth columns
present the total compliance costs estimated for each option. The third column presents the
estimated design, construction, and installation costs, and the fourth column presents the annual

O&M costs for each feasible option.

The remaining columns in the table present the individual categories of social costs
developed for this analysis: electricity price increases from compliance and power system costs,
externality costs, and government regulatory costs. The analysis discounts the future stream of
each of these social costs at the relevant discount rate and sums them over the years they are

specified to occur to develop the Total Social Cost estimate presented in the penultimate column.
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The table concludes by presenting the Annualized Social Cost estimate for each

technology. The annualized estimate is calculated using the equation:

r(NPV)

Annualized cost= ——~—
1-(147r)~7

N

Where r is the discount rate and n is the number of years for which the analysis is conducted.
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Table 1
Total Engineering & Social Costs of Feasible Technology Options at LEC
Compliance Costs? Social Costs (Present Value)
Electricity Price
Increases Resulting
From
Total Design, Power Government Total Annualized

Discount Construction, & Annual Compliance  System Externality Regulatory Social Social

Rate Technology Type Installation Costs O&M Costs Costs Costs CostsP Costs Costs Costs

3% Closed-Cycle Cooling $431.9M $15.1M $494.0M $98.0M — $0.074M $592.1M $30.21M
Retrofit

2.0mm Dual-Flow FMS $19.5M $0.28M $16.2M —_ — $0.003M $16.2M $0.83M

0.5mm FMS $48.9M $0.49M $37.0M $2.7M —_ $0.009M $39.7M $2.02M

7% Closed-Cycle Cooling $431.9M $15.1M $255.8M $51.3M —_ $0.061M $307.1M $24.75M
Retrofit

2.0mm Dual-Flow FMS $19.5M $0.28M $8.8M — — $0.003M $8.8M $0.71M

0.5mm FMS $48.9M $0.49M $20.1M $1.4M —_ $0.007M $21.6M $1.74M

aCompliance costs presented in Table 1 are undiscounted and in 2019 dollars. The social costs associated with each technology are discounted at 3 and 7 percent using
the specifications outlined in Table 2.

bThe analysis does not include quantified estimates of the social costs resulting from externalities. Externality costs include decreases in sccial wellbeing resulting from property
value, recreation, human health, reliability, and water consumption impacts. These categories of social costs were beyond the scope of this analysis.
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Compliance costs are specified as occurring over a 30-year time period for a cooling tower
retrofit and over a 30-year time period for FMS. Power system costs are specified to occur during
construction, based on outage impacts, and during operation, based on efficiency and auxiliary
load impacts. Regulatory documents will be submitted in 2019, and the timing for activities related
to installation are dependent on the technology being installed. The engineering study for a
closed-cycle cooling system retrofit at LEC specifies a 96-month project to complete the
permitting, design, construction and installation for all four units (Burns and McDonnell 2018).

Table 2 reflects the timing specifications for each of the alternatives evaluated.

Table 2
Timing Specified for Feasible Technologies at LEC
Entrainment Reducing DReguIatory Peémlttlng, I;)emgn, O&M Costs TYeharslof
Technology ocun_rents onstruct!on Begin echnology
Submitted Installation Operation

Closed-Cycle Cooling
System Retrofit:

Unit 1 2019 2020-2023 2024 30

Unit 2 2019 2020-2024 2025 30

Unit 3 2019 2020-2025 2026 30

Unit 4 2019 2020-2026 2027 30
2.0mm Dual-Flow FMS 2019 2019-2023 2024 30
0.5mm FMS 2019 2019-2023 2024 30

As Table 1 shows, the social costs of each technology include the option’s compliance
costs, the additional power system costs that would be incurred with each technology, the
externality costs of each technology, and the governmental regulatory costs. As previously noted,
the analysis specifies that all compliance costs are passed on to Ameren Missouri’s rate payers
resulting in increased electricity prices. To develop the electricity price increases, the design,
construction, and installation costs are allocated over the specified construction and installation
time-periods presented in Table 2. Operation and maintenance costs are then added for each
year the technology is operational, and the future stream of those costs are discounted by 3 and
7 percent to develop the present value estimate for each discount rate. The social costs of

compliance costs are discussed in more detail in Section 2.

Power system costs represent the additional power needed to operate the new
technologies and the additional fuel needed from running less efficient units during installation
construction outages. The power system costs are developed from evaluating backpressure and

auxiliary load effects, capacity losses from each of the technologies with estimated outage times,
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and electricity consumption associated with each technology. Details of the power system cost

estimates are presented in Section 3.

Externality costs represent the environmental impacts associated with the installation of
entrainment reducing technologies. Potential impacts could affect recreation, property values,
water consumption, reliability, and human health. This analysis is beyond the scope of this study

and are not included in the social cost estimates.

Governmental regulatory costs include the total costs associated with permitting,
monitoring, administering, and enforcing the technology selection and installation. The social

costs of government regulatory costs are discussed in more detail in Section 2.
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2. The Social Costs of Compliance and Governmental Regulation
Costs

This section describes the methods used to estimate the social costs associated the
compliance costs of designing, constructing, installing, permitting, operating, and maintaining
entrainment reduction technologies. The section also describes the method for estimating the
social costs associated with governmental costs of permitting, monitoring, administering, and

enforcing regulatory compliance.

2.1 Social Costs of Compliance Costs

As Figure 1 shows, expenditures on entrainment reduction technologies would have
implications for Ameren Missouri’'s balance sheet and construction activities. Balance sheet
implications would accompany the purchase, installation and operation of any of these
entrainment reduction technologies. Balance sheet implications are transmitted through financial,
electricity, and regulatory markets to register as social costs (i.e. consumer and producer surplus)
to groups that potentially include shareholders, ratepayers, and the general population. How

these are realized as social costs depends upon the regulatory and market environments.

Social Cost Categories

Physical Change
y J (r(10)

Shareholders

R

Balance Sheet
{r)}{10)(iii) Implications
Compliance Cost

Electricity Markets — Ratepayers

o

3
Technology 3 § Economic Impacts
Expenditures 1 § (Jobs)
Construction §
8/
Activities § Nearby Jobs
Expenditures and Effects on Installing Energy W

Figure 1: Social Costs Associated with Technology Expenditures

In addition, as the figure depicts, construction generates nearby economic activity, which
can lead to good social outcomes such as more jobs. These economic impacts can be studied
via economic input-ocutput analysis techniques. As related local outcomes are typically

considered good, they are not measured under social costs and not considered further here.
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LEC is owned and operated by Ameren Missouri, a regulated, investor-owned public utility
that is a subsidiary of the Ameren Corporation (Ameren 2019). Ameren Missouri generates,
transmits, distributes and sells electricity in central and eastern Missouri. Over 1.2 million
residential, commercial and industrial electric customers are served in 64 counties (Ameren
2019). Ameren Missouri’s assets include approximately 10,300 MW of nuclear, coal, natural gas,
oil, hydroelectric and renewables generating capacity (Ameren 2019). Figure 2 presents Ameren
Missouri’s electric service territory and location of LEC (Ameren 2018). Figure 3 illustrates

Ameren Missouri’s generation portfolio fuel type (Ameren 2016).

Ameren Missouri is potentially eligible to recover the costs of installing entrainment
reduction technologies. Since installing entrainment-reducing technologies is a regulatory
environmental compliance requirement, these costs are expected to be passed on to customers
in the form of higher rates. The Missouri Public Service Commission (MPSC) is the governing
body that regulates the operations of Ameren Missouri and the setting of rates. The MPSC holds
hearings to review requests and can approve authorization for cost recovery (MPSC 2019).
Procedures involved in rate request hearings include allowing intervener comments and Ameren
Missouri rebuttals. This process, along with the permitting itself, results in costs to the

government, which are Government Regulatory Costs.

Ameren Missouri’s recent rate case history is instructive with respect to the implications
of an additional rate increase. On July 31, 2018, Ameren Missouri announced a $167 million rate
cut reflecting the federal tax reductions passed by Congress last December. The rate cut equates
to a 6 percent decrease in customer’s electric bills. The rate reduction is part of Ameren Missouri’s
new Smart Energy Plan that contains incentives for economic development, grid modernization,
solar energy, and energy efficiency programs. The plan also includes a rate freeze through April
2020 as well as rate caps that will limit the size of future rate increases. Ameren Missouri’s electric
rates are among the lowest in the nation and are the lowest of any investor-owned utility in

Missouri (Ameren Missouri 2018).

The costs associated with new entrainment reduction technologies could potentially lead
to a rate increase filing causing electricity price increases for customers. Table 3 lists the average
cost of electricity, electricity use, and monthly electric bill for residential customers in Missouri for
2017 (U.S. Energy Information Administration [EIA] 2017). The table also lists the percentage of
household income spent for electricity at selected household income levels (U.S. Census Bureau
2017).
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Labadie Energy Center
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Source: Ameren Missouri 2019
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Residential electricity rates in Missouri were the 19" lowest among U.S. states in 2017
(U.S. EIA 2017). Although the burden of electricity expenditures is relatively low for many Ameren

Missouri customers, many households spend a significant portion of their income on electricity.
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All households would share the burden; however, lower-income households would experience a
proportionately larger impact.
Table 3

2017 Residential Cost and Use of Electricity and Its Percentage of Household
Income in Areas Served by Ameren Missouri

Category Missouri
Average cost of electricity per kWh $0.1163
Average use of electricity in KWh per month 994
Average monthly bill $115.60
Median annual income $53,578

Percentage of annual household income needed for electricity
(monthly bill x 12):

$5,000 annual income 27.7%
$12,500 annual income 11.1%
$20,000 annual income 6.9%
$30,000 annual income 4.6%
$50,500 annual income 2.7%
$62,500 annual income 2.2%
$87,500 annual income 1.6%
$125,000 annual income 1.1%
$175,000 annual income 0.8%
$200,000 annual income 0.7%

Source: U.S. EIA (2017); U.S. Census Bureau (2017)

For households, the implications of higher electricity prices depend on the price elasticity
of demand for electricity. Price elasticity refers to the amount that quantity demanded changes
with price. The EIA estimates that when the price of electricity increases by ten percent,
aggregate electricity use decreases by two percent to three percent in the short run (elasticity of

-0.2 to -0.3) and three percent to five percent over multi-year periods (elasticity of -0.3 to -0.5)."

In the billing context, if a customer with an elasticity of -0.2 who spends $100 ($0.10/kWh
x 1000 kWh) per month on electricity in baseline conditions experiences a 10 percent increase in
electricity rates, the customer would reduce use by 2 percent to 880 kWh. This would resultin a

monthly bill of $107.80 and an annual increase in electricity expenditures of $93.60 ($7.80 x 12).

' Price Responsiveness in the AEO2003 NEMS Residential and Commercial Buildings Sector Models,” Steven H.

Wade (2003). hitp://www.eia.gov/oiaf/analysispaper/elasticity/pdf/buildings.pdf.
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Two effects occur that relate to changes in the customer’s wellbeing. First, the customer
has decreased electricity use by 240 kWh (20 kWh x 12) over the course of a year. For context,
this is equivalent to not operating a typical 5 kW air conditioning unit for 48 hours in a year. By
not doing this, the household loses the utility of a cooler environment. The monetized willingness
to pay of this lost utility is one component of social costs from the electric rate increase. The

second component is the cost of having to pay more for using less electricity.

The second effect is that the household incurs $93.60 in increased electricity costs. Under
the conventional (neoclassical) economic theory applied here, households spend money to
maximize their utility. For example, when anglers choose among fishing sites or diners among
restaurants, they pick ones that give them the greatest happiness relative to costs. This measure
of happiness, referred to as willingness to pay, is greater than their expenditures. For example,
a consumer taking a $100 trip or paying $100 for dinner at a restaurant would have a higher
willingness to pay than the $100 expenditure. For illustrative purposes, the consumer’s total
willingness to pay could be $140. This means that the consumer gained $40 in consumer surplus,

the value over and above the $100 that the consumer had to pay for the trip or dinner.

An activity-specific investigation of consumer surplus to expenditure ratios has not been
conducted for this analysis. However, an important result of optimizing time and expenditures
over some fixed period is that the relative marginal values of expenditures are equated.? An
implication is that if the example person chose to spend $100 on a restaurant trip or consumer
good those expenditures would return something like $140 in value. Because the example
household has foregone $24 in electricity use (240 kWh x $0.10/kWh), the equating of relative

value indicates this is $33.60 in forgone value from electricity use.

For this illustrative household, a ten percent price increase resulis in a social cost of
$33.60 in electricity use and $131.04 ($93.6 x 1.4) in forgone enjoyment from goods and activities
due to increased electricity expenditures. In total the social cost is $164.64 ($131.04 + $33.60).

The magnitude of these additional increases could also lead to economic impacts that can
accompany electricity price increases (Deschenes 2010). Changes in electricity prices can lead
to economy-wide employment impacts through their effect on residential and business electricity
consumers. For business electricity impacts, the commercial and industrial sectors are all major

users of electricity as an input to production. Electricity price increases would raise the costs of

2 Neoclassical theory posits that utility of an activity/good over a time period diminishes as the amount of the
activity/good increase. An implication is that amounts of aclivities/goods are purchased so that a dollar spent on one
activity/good returns the same value as a dollar spent on another activity/good.

VERITAS

12 Economic Consulting

ED_004978_00000571-00016



Social Cost Study: Ameren Labadie Energy Center December 2019

providing final goods and services in these sectors. The analysis does not quantify this effect on

other sectors of the economy.

2.2 Social Costs of Governmental Regulation Costs

Government regulatory costs include the total costs associated with permitting,
monitoring, administering, and enforcing the technology selection and installation. Costs are
incurred by the government as the permitting and review process is undertaken. These vary with
the type of technology as certain technologies require substantially more permitting. Those with
more significant environmental effects would have higher permitting costs. These costs are

initially borne by the government but ultimately paid by taxpayers.

Government regulatory costs are developed from U.S. EPA’s estimates in the Economic
Analysis document developed for the 2014 Rule (U.S. EPA 2014). Following Table 7-7 in U.S.
EPA’'s Economic Analysis document (U.S. EPA 2014), government administrative costs

(regulatory costs) are specified to be 0.02 percent of compliance costs.
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3. Social Costs of Power System Effects

The U.S. EPA’s 2014 § 316(b) Rule (79 Fed. Reg. 158, 48300-48439) (hereafter Rule)
requires that applicants submit studies of technologies or operational measures that can reduce
entrainment. Section § 316(b) (r)(12) Non-Water Quality Environmental and Other Impacts Study
requires a study and “detailed facility-specific discussion of the changes in non-water quality
environmental and other impacts” attributed to technologies or operational measures considered
under § 316(b)(r)(10). The non-water quality environmental and other impacts as defined in the

Rule are:

(iy Estimates of changes to energy consumption

(i) Estimates of air pollutant emissions and of the human health and environmental
impacts associated with such emissions

iiiy Estimates of changes in noise

iv) A discussion of impacts to safety

(

(

(v) A discussion of facility reliability

(vi) Significant changes in consumption of water
(

vii) A discussion of all reasonable attempts to mitigate each of these factors.

This (r)(10) report focuses on estimating the social costs associated with changes in
energy consumption, § 122.21 (r(12)(i), and offsite emissions, § 122.21 (r}{(12)(ii). The other
listed § 122.21 (r)(12) requirements are covered in the (r)(12) report. Energy consumption and
emissions impacts arise from plant outages for technology installation, additional electricity
consumption required to operate the technology, and unit-efficiency changes related to warmer

cooling water temperatures.

3.1 Overview of Power System Effects

Power system effects can arise from several sources. As depicted in Figure 4, shutdowns
and construction outages lead to system-level efficiency and capacity changes. Significant
capacity reductions can affect system reliability, which can have social costs. Electrical system
reliability effects are a factor that Directors may consider in determinations (§ 125.98(f)(3)(iv) May

Factor 4—Reliability Impacts).
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Social Cost Categories

Physical Change
v J (r)(10)

Shareholders

B

BESEE R
Electricity Price &
Output Changes

Ratepayers

Economic Impacts
{Jobs)

System Efficiency —
& Capacity
Changes

Construction
QOutage Time

B

Environmental
Impacts

Stack Emission
Changes

Health Impacts

Veritas-0119

Effects of Shutdowns and Outages e XERITAS

Sotvnut ConpaBag

Figure 4: Effects of Shutdowns and Outages

Shutdowns and outages lead to less efficient dispatch and changes in energy
consumption. These are to be assessed under § 122.21(r)(12)(i)—Energy Consumption.
Changes in energy consumption will impact electricity production costs, leading to social costs
that must be quantified in § 122.21(r)(10)(iii)—Outages Other.® Also, the re-dispatch associated
with system-level efficiency changes leads to stack emission changes which are to be studied
under (r}{12)(ii)—Emissions Health and Environment. These emissions are a factor that Directors
are required to consider (§ 125.98(F)(2)(ii) Must Factor 2—Pollutant Impacts).

Certain other effects become important once entrainment reduction is underway. These
are most pronounced with cooling towers but also occur with other technologies. As depicted in
the figure, cooling towers require electricity to operate and can reduce the efficiency of generation.

This leads to changes in net electrical generation capacity and downstream effects that are

3 “Qutages Other” refers to the component of (r)(10)(iii) which requires that, “...only that portion of lost net revenue
[from any outages, downtime, or other impacts to facility net revenue] that does not accrue to other producers can
be included in social costs.”
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discussed in the preamble and with evaluation requirements that are the same as those that arise

from outages and shutdowns.*®

Old and inefficient units could potentially be subject to economic shutdown rather than
incurring expensive retrofit costs. In previous efforts, EPRI has independently and with owner
input identified shutdowns as occurring when the present value of conversion exceeds the present
value of closing (i.e., NPV of conversion < $0) (Bingham, Mathews, and Kinnell 2009; EPRI
2011a). LEC provides baseload electricity for Ameren Missouri’s electric customers, providing
approximately 23.1 percent of total load (see Figure 3). The plant’s operational significance
suggests that only an extraordinarily expensive conversion requirement would lead to premature
closure. Therefore, this analysis assumes Ameren Missouri will incur the entrainment reducing

compliance costs and continue to operate the LEC plant.

The next most important capacity effect comes from outages. Outages happen when
facilities are unable to access cooling water during equipment installation. This occurs during

certain undertakings, such as expanding an existing intake or connecting to cooling towers.

Connecting supply and return lines to the towers would require that the units be off-line.
For the conceptual level design conducted for the (r)(10) submission, there was no basis available
to determine the required outage time with any precision. According to Burns and McDonnell

(2018), the downtime for each unit is specified to be 2 to 4 weeks.

Certain other effects become important once entrainment reduction is underway. These
can occur with most approaches but are typically more pronounced with cooling towers. As
depicted in Figure 5 below, when operated, cooling towers can increase condenser backpressure
and require additional auxiliary equipment load to operate. This leads to net electrical generation
capacity and efficiency effects. These effects result in energy consumption that must be identified
under (r)(12)(i)—Energy Consumption. As with outages, these energy consumption changes
result in changes to social costs and stack emissions. The Rule requires a “detailed” and peer-
reviewable assessment of related effects under (r)(12)(i)—Energy Consumption and (r}{(12)(ii}—

Emissions Health and Environment. These are also factors that Directors must consider

4 ... the social cost of the energy penalty is the cost of generating the electricity that would otherwise be available for
consumption except for the energy penalty. Again, an assessment of these costs would be determined under the
§ 122.21(r){(10) demonstration” (79 Fed. Reg. 158, p. 48370).

5 “EPA’s review of emissions data ... suggests that impacts from these pollutant discharges could be significant. These
include the human health and welfare and global climate change effects—all associated with a variety of pollutants
that are emitted from fossil fuel combustion” (79 Fed. Reg. 158, p. 48341).
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(§ 125.88(F)(2)(ii) Must Factor 2—Pollutant Impacts). Moreover, there is significant discussion in

the preamble indicating the importance of related effects.®789°
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Figure 5: Effects of Pumps and Backpressure

The engineering evaluation estimates that a total of 25.040 MW of additional pumping

power is required for the pumps under a closed-cycle cooling retrofit (Burns and McDonnell 2018).

This electricity would be required whenever the unit is operating. Approximately 12.4 MW of

existing auxiliary load would be decommissioned, resulting in net pumping load of 12.64 MW. In

addition, another 14.91 MW is required to operate the fans during summer

and 8.95 MW is

required in the winter. There is an additional 1.35 MW of other auxiliary load that is required for

processes such as raw water makeup pumps and chemical feed pumps (Burns and McDonnell

6 “... the social cost of the energy penalty is the cost of generating the electricity that would otherwise be available for
consumption except for the energy penalty. Again, an assessment of these costs would be determined under the

§122.21(r){(10) demonstration” (79 Fed. Reg. 158, p. 48370).

7 “EPA’s review of emissions data ... suggests that impacts from these pollutant discharges could be significant. These
include the human health and welfare and global climate change effects—all associated with a variety of pollutants

that are emitted from fossil fuel combustion” (79 Fed. Reg. 158, p. 48341).

8 “While both of these factors contribute to increased air emissions, the larger contributor to projected increased air

emissions is by far the energy penalty” (79 Fed. Reg. 158, p. 48341).

9 “EPA is not able to quantify the frequency with which facilities could experience these local impacts, and therefore
has concluded that the proper forum to address such local impacts fully is in a site-specific setting” (79 Fed. Reg.

158, p. 48342).
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2018). When there are important efficiency effects, these lead to variable hourly unit-level

efficiency changes and system-level cost and emission impacts.

3.2 Power System Concepts

Net generating capacity effects are best understood and quantified in the context of power
system operations. LEC is owned and operated by Ameren Missouri, a regulated, investor-owned
public utility that is a subsidiary of the Ameren Corporation (Ameren 2019). Ameren Missouri
generates, transmits, distributes and sells electricity in central and eastern Missouri. Ameren
Missouri participates in the Midcontinent Independent System Operator (MISO) regional
transmission organization. Headquartered in Carmel, Indiana, MISO provides electric reliability
and coordination services in geographically defined local resource zones across fifteen states
and Manitoba, Canada. Ameren Missouri participates in MISO’s integrated marketplace where
generation is bid into the power market and dispatched at least cost to participating members.
Figure 6 shows LEC in relation to Ameren Missouri and MISO’s geographic coverage area. LEC’s
connection to this region indicates that the power market that would be most affected by outages

and efficiency changes at LEC is the Ameren Missouri Market Region.
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Figure 6: LEC in Relation to Ameren Missouri and MISO

To offset capacity losses from

installing and operating entrainment-reduction

technologies, Ameren Missouri would employ the most cost-effective and feasible combination of
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operating its own units more intensively and purchasing additional electricity from independent
power producers. To estimate the power system effects from capacity losses, the relevant
Baseline and Counterfactual conditions are specified and input into the Ameren Missouri module
of Veritas’ Environmental Policy Simulation Model (EPSM) (Veritas Economics 2011), a 316(b)-
focused power system model. Figures 7 and 8 present an overview of this modeling process.™
In these figures, the vertical bars represent generating units. Their height is their marginal cost,
and width represents capacity. The figures represent an individual hour out of the 8,760 hours in

a year. System electrical load for that hour is represented by the green line.
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Figure 7: Electricity System under Baseline Conditions

Figure 7 represents market outcomes under Baseline conditions. The marginal cost of
generation is where load intersects the dispatch order (slightly below $50 per MWh for illustration

purposes). The dispatched units (in grey) all produce electricity at this price or less. The units

0 The Baseline and Counterfactual modeling structure is the EPA-endorsed methodology for conducting benefit-cost
analysis (U.S. EPA 2010).
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that are not dispatched (in white) are all more expensive to operate. The total cost of meeting
load is represented by the area of the shaded units. An operating unit (or equivalently an amount

of generating capacity) that is to be taken off-line is identified.

Figure 8 depicts the power system outcomes when this previously operating capacity is
no longer available. As this figure indicates, when a previously operating generation capacity is
removed from the stack, more expensive to operate units “shift” to the left. Some of this capacity

must operate to meet the existing load (which is fixed in this one-hour example).
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Figure 8 Electricity System Under With-Regulation Conditions That Reduce
Capacity

During other time periods (not pictured), load moves up and down. Power is more
expensive to generate at all load levels above the generation cost of the previously operating unit
(slightly under $40 in Figure 8). Additional outcomes include changes in fuel consumption and

emissions as different units operate.
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The overall impact is an increased cost of electricity to the consumer, which is a social
cost resulting from use of cooling towers. However, because they occur in the context of price
effects in competitive markets, this means there are financial transfers that make it difficult to
identify who bears the social costs. Specifically, the figure above also indicates that with lost
output from LEC (from both conversion outages and capacity losses) there would be an increase
in the average electricity price in the Ameren Missouri Region. Knowing that LEC has to incur a
conversion outage and will incur capacity losses, organizations selling into the Ameren Missouri
Region can possibly expect to receive higher prices for their electricity, and entities purchasing
electricity from competitive markets within the Ameren Missouri Region could potentially

experience higher wholesale electricity prices.

The implications of these price changes vary by organizations. Distribution utilities,
municipalities, and cooperatives would endeavor to recover costs through rate increases.
Commercial and industrial purchasers would experience reduced profitability. Governmental cost

increases would uitimately be passed on {o taxpayers.

The costs associated with new entrainment reduction technologies would be additional
costs that could potentially lead to another rate increase filing which would result in higher prices
for residential, commercial, and industrial customers. The magnitude of these additional
increases could also lead to economic impacts that can accompany electricity price increases
(Deschenes 2010). Changes in electricity prices can lead to economy-wide employment impacts
through their effect on residential and business electricity consumers. For business electricity
impacts, the commercial and industrial sectors are all major users of electricity as an input to
production. Electricity price increases would raise the costs of providing final goods and services
in these sectors. Changes in LEC’s power delivery would be reflected in some of these

customers.

3.3 Power System Simulation

The effects of outages for equipment installation, auxiliary loads, and unit closures are
evaluated by modeling them within the context of Ameren Missouri power and economic systems.
This is accomplished by developing counterfactual specifications that include construction
outages and auxiliary load. The basis for the evaluation is Burns and McDonnell (2018)

evaluation, which specifies that the per unit downtime ranges from 2 to 4 weeks.

in the modeling context, the capacity at Units 1 through 4 are set at zero over the specified
outage period. In the subsequent, post-conversion and operation years, capacities are adjusted

to reflect auxiliary loads occurring after the modeled conversions. With capacity adjusted in this
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manner, a power system simulation model (Environmental Policy Simulation Model [EPSM]) is
operated and differences in operations across Baseline and With Outage conditions are evaluated
(Veritas Economics 2011). EPSM is populated with data from two main data sources: the
Continuous Emission Monitoring Systems (CEMS) and the Emissions & Generation Resource
Integrated Database (eGRID). CEMS provides hourly readings of emissions and generation of
coal-powered power plants in the United States and is available on the USEPA’s website at

ftp://inewftp.epa.gov/DMDnlLoad/emissions/hourly/monthly/2016/. eGRID provides annual data

on power plant generation and emissions and is available on the USEPA’s website at

hitos:/fwww.epa.gov/energy/emissions-generation-resource-integrated-database-egrid.

The CEMS data includes descriptive variables such as the plant’s facility code, plant
name, unit ID, the date and hour each reading was taken, and how much of each hour the unit
was running. The data set also contains variables on the generation and emissions readings for
each unit including generation load in megawatts, SO2 emitted in pounds, SO2 rate in pounds
per MMBtu, NOx rate in pounds per MMBtu, NOx emitted in pounds, CO2 emitted in tons, CO2
rate in tons per MMBtu, and heat input in MMBtu. Unit-specific particulate matter rates are not
available and are specified to be 0.0044 Ibs/MMBtu. The data are organized by year, state, and

month.

The eGRID data are organized by year, state, and plant. EPSM uses the following two

specific eGRID data sources:

+ Unit year 2016 data, which gives readings for individual units of a plant

¢ Generator year 2016 data, which gives readings for generators in each plant.

The Unit dataset provides unit descriptors, the unit's operational status, the primary fuel
type, annual readings of heat input in MMBtus, annual NOx emissions in tons, annual SO2
emissions in tons, and CO2 emissions in tons. The Generator dataset provides the same
descriptor variables, as well as the generator nameplate capacity in megawatts, generator
capacity factor, and generator annual net generation in megawatt hours. For EPSM’s purposes,
the Unit and Generator data sets are merged together based on the facility code and
generator/unit ID to provide one set of data for each unit that describes the units fuel type, heat
input, nameplate capacity, capacity factor, and annual net generation. Finally, Missouri data is

used to represent the generation of all the operating units in the Ameren Missouri Region.

The conceptual process described in Section 3.2 is implemented for LEC by carrying out

the following steps within EPSM’s Ameren Missouri power system module:

1. Estimate the hourly energy penalty
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Specify total hourly load.
Operate model consistent with load and unit characteristics.
Create scenarios representing LEC’s conversion and ongoing operations.

Run EPSM to identify counterfactual dispatch.

o o B~ W DN

Calculate differences in fuel consumption, emissions, and costs.

These steps are implemented as follows.

3.3.1 Estimate Hourly Energy Penalty
The energy penalty evaluation is an important input to several studies necessary for the

§ 122.21(r)(12) report and also social costs that must be studied under § 122.21(r)(10). Energy
penalties arise from “slightly lower generating efficiency attributed to higher turbine backpressure
when the condenser is not replaced with one optimized for closed cycle operation when retrofitting

existing units” (79 Fed. Reg. 158, 48341). Studying energy penalty effects is important because:

(1) They relate directly to energy consumption, which must be studied under (r)(12)(i).

“The study must include the following: Estimates of changes to energy
consumption, including but not limited to auxiliary power consumption and turbine
backpressure energy penalty” (§ 122.21(r}(12), 79 Fed. Reg. 158, page 48428).

(2) They produce indirect and direct social costs, which must be studied under (r)(10).

“EPA is using energy penalty to mean only the opportunity costs associated with
reduced power production due fo derating (turbine backpressure)’ (79 Fed. Reg.
158, 48370).

“... the social cost of the energy penalty is the cost of generating the electricity that
would otherwise be available for consumption except for the energy penalty.
Again, an assessment of these costs would be determined under the
§ 122.21(r)(10) demonstration” (79 Fed. Reg. 158, 48370).

(3) They affect air emissions, which must be studied under (r)(12)(iii).

“...increased air emissions ... due to the energy penalty” (79 Fed. Reg. 158,
48341)

“The study must include the following: ... Estimates of air pollutant emissions and
of the human health and environmental impacts associated with such emissions.
(79 Fed. Reg. 158, 48428)

(4) These air emissions lead to environmental, health, and social cost (welfare effects),
which must be studied under § 122.21(r}(12)(iii) and (r)(10):

“...due to the energy penalty when retrofitting to cooling towers” related to “human
health, welfare, and global climate” (79 Fed. Reg. 158, 48341).
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“Estimates of air pollutant emissions and of the human health and environmental

impacts associated with such emissions” (79 Fed. Reg. 158, 48428).

The required studies under (r}(12) are described as “a detailed, facility-specific
discussion.” Both (r)(10) and (r)(12) reports are subject to peer review (79 Fed. Reg. 158, 48368).
Energy efficiency impacts result in important social costs and can also be an important
determinant in their own right. For example, decision-makers looking ahead to greenhouse gas

requirements may find these effects and their costs more important than comparable capital costs.

Unlike losses from operating pumps and fans, the energy penalty effect is difficult to
generalize. Energy penalties on the hottest days of summer can be higher (EPRI 2011b; U.S.
Department of Energy Office of Electricity Delivery and Energy Reliability 2008). An important
consideration is that energy penalty effects vary hourly and tend to be at their worst when
atmospheric conditions are already leading to high air conditioning loads, generation costs, and

wholesale electricity prices.

3.3.2 Energy Penalty Study Approach
The temperature of cooling water affects turbine performance. Generally speaking, colder

cooling water improves efficiency (EPRI 2011b). Energy penalty effects are due to the different
cooling water temperature of cooling towers compared with that of once-through waterbody
temperature. With once-through cooling, the cooling water is the temperature of the source
waterbody. With closed-cycle cooling, the cooling water temperature is related to cooling tower

design characteristics and atmospheric conditions, in particular wet-bulb temperatures.

As wet-bulb temperatures increase, units cooled by wet closed-cycle recirculating systems
become less efficient. As noted by EPA, “the cost may be incurred by the facility ... or by another
generating unit” (79 Fed. Reg. 158, 48370). Fossil facilities can “over-fire” to compensate for
efficiency impacts. Depending upon operational considerations, these facilities may experience
increased fuel costs and less dramatic capacity reductions." Generally speaking, capacity
reductions are experienced when fuel input is at the boiler rated maximum and/or unit
backpressure at the highest tolerated point. At this point, fossil units cannot increase Btu input,
and therefore experience capacity reductions. Nuclear units cannot vary fuel input. In both cases,

costs (and environmental effects) of providing lost electricity are incurred by other units.'?

™ An important consideration is that both electricity prices and cooling tower performance are correlated with wet-bulb
temperatures.
2 When cooling towers result in lower cooling water temperatures, the opposite occurs.
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Figure 9 depicts the generalized approach for identifying efficiency effects from a closed-
cycle conversion. The approach uses the baseline and counterfactual structure recommended in
U.S. EPA (1991) Guidelines for Preparing Regulatory Impact Analysis. The baseline (red) input-
output curve has output limited by line 1 and input (in BTUs) limited at line 2 (number of BTUs per
kilowatt hour.) With an energy penalty from operating the cooling tower, the new input-output
curve is represented by the blue line. If the unit cannot over-fire, the output is limited to where
line 2 intersects the blue curve as indicated by line 3. Auxiliary load increases as cooling tower
fans are operated. This is modeled as the shift in capacity to line 4. The original fuel input is
maintained to serve the parasitic load. The resulting input-output curve (5) represents reduced

efficiency and lost net capacity.

BTU/hr Input
With Cooling Tower With Cooling Tower
BTU- (does not over-fire) (does over-fire)

e : Y

X

“Baseline

-

MW Output Capacity Loss:

does over-fire

Capacity Loss:
does not over-fire

Veritas-0170

Figure 9: Potential for Efficiency Effects from Closed-Cycle Cooling

Because atmospheric conditions vary hourly, these curves move up and down. Figure 10
depicts the energy penalty effect for time periods when the source water body water is cooler than
the cooling tower water. As depicted in the figure, the magnitude of the energy penalty depends
upon fixed (time invariant) technical factors including the slope of the turbine back pressure curve

and cooling tower design parameters. The energy penalty also depends upon factors that vary
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somewhat predictably over the course of a year including source waterbody temperatures and

wet bulb temperatures. To evaluate this effect, these are combined in baseline and counterfactual

simulations.
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Figure 10: Technical Parameters and Ambient Conditions Underlie Efficiency Effects
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Because this effect exhibits a good deal of nonlinear variability, we characterize it on an

hourly basis.™ Details for doing so (including equations) are presented in EPRI (2011b). The

approach follows these general steps:

Step 1—Collect and compile hourly ambient conditions data.
Step 2—Calculate hourly approach temperatures.

Step 3—Calculate cooling tower circulating temps.

Step 4—Estimate the water temperature to heat rate curve

Step 5—Determine efficiency impacts.

This results in an estimated hourly energy penalty effect that is specific to the atmospheric,

water temperature and operating characteristics of the unit and tower and is relative to baseline

conditions.

3.3.3 Step 1—Source Water and Wet Bulb Data
Information requirements for hourly ambient conditions include open-cycle source water

temperatures and wet-bulb temperatures. Water temperature data is from the 2016 LEC Intake
Study support data.

a0 4 .

Water Temporsture {F)

100 2000 3050 4050 5060 8060 7350 2090 5080
Hour

Figure 11: Hourly Once-Through Source Water Temperature Data

3 Turbine backpressure curves are steepest and electricity prices are often highest when wet bulb temperatures are

high.

VERITAS

28 Economic Consulting

ED_004978_00000571-00032



Social Cost Study: Ameren Labadie Energy Center December 2019

Wet bulb data is available from the National Oceanic & Atmospheric Administration’s
(NOAA) National Centers for Environmental Information. Hourly wet bulb temperatures are
desirable because they are more variable than water temperatures and because they can impact
system load. The nearest publicly available readings are from the Spirit of St. Louis Airport in
Chesterfield, Missouri. Hourly wet-bulb temperatures were developed by collapsing continuous
wet-bulb data to hourly data and are presented in Figure 12.

i

Wat Bully Temperature {F}

2 1003 2003 3000 4000 5030 5000 7000 3000
Hour

Figure 12: Hourly Wet Bulb Temperature Data for LEC

3.3.4 Step 2—Calculate Cooling Tower Approach Temperatures
For the cooling tower, the approach is calculated using the following equation (EPRI

2011b). Following the cooling tower design (Burns and McDonnell 2018) wet bulb and hourly
approach are specified at 79.9 and 9 degrees, respectively.

Approach = 0.5 X (CTpesign_wet Bulb) + (CTbesign Approach) — 0.5 x (Hourly_Wet_Bulb) (2)
Where

CTDesign_Wet_BuIb =79.9°F

CTDesign_Approach =9°F

Cooling tower hourly approaches are depicted in Figure 13.
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Figure 13: Hourly Approach Temperatures for LEC

3.3.5 Step 3—Calculate Cooling Tower Circulating Temperatures
Having information on cooling tower hourly approach and hourly wet bulb, circulating water

temperatures for cooling towers are calculated following EPRI (2011b) as:
T eooling = T wet bulo + Approach” (3)
Where
Theooing = Hourly cooling tower circulating water temperature
Thwetsub = Hourly wet bulb temperature
Approach" = Hourly cooling tower approach temperature

Figure 14 below depicts cooling water temperatures for once-through cooling (red curve) and

closed-cycle cooling (blue curve).
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Figure 14: Cooling Water Temperatures for Once-Through and Closed-Cycle Cooling
for LEC

3.3.6 Step 4— Estimate the Water Temperature to Heat Rate Curve
For fossil plants such as LEC, plant fuel input varies. Unit output and heat rate varies with

each unit’s operational state (e.g., startup versus running) and with cooling water temperatures
and fuel input. Hourly output (in kw) and fuel input (in MMBtu) are available from the continuous
emissions monitoring data (CEMS) collected by EPA’s Air Markets Program™ (U.S. EPA 2017).
The relationship between cooling water temperatures and heat rate is identified by solving for
hourly heat rate as kw/MMBtu and then regressing against water temperatures.'™ Other data
employed account for the effects of ramping and output level on heat rate. This process results in
an equation that relates water temperature and operational factors to heat rate. Tables 4, 5, and
6 list the variables used in deriving the relationships between water temperature and heat rate for
LEC’s Unit through 4.

4 Data are located at htip://ampd.epa.goviampd/.
S Data preparation procedures include certain validation and cleaning activities such as eliminating data that appears
to come from when the plant is off, idling, or in start-up or shut-down mode.
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Table 4
Regression Results for Estimating Backpressure Effects at LEC Units 1 and 2

Source SS dF MS Number of obs = 7641
Model 16.9258714 4 423146785 F (4,4069) =  1057.07
Residual 30.5670251 7636 0.004003015 Prob>F =  0.0000
Total 47.4928965 7640 0.006216348 R-squared =  0.3564
Adjusted R-squared =0.3561
Root MSE =  0.06327
Log HR Coefficient E:fgfa’d t P>t 95% Conf. Interval
Log W Temp | 0.0043054 | 0.0025515 | 1.69 0.092 | -0.0006962 | 0.0093071
RampUp 10410610 | 0.0208804 |49.86  |0.000 | 1.0001300 |1.0819920
Rampdown | -0.0626116 |0.0017942 |-3490 |0.000 |-0.0661288 | -0.0590944
Log Pct Max | 0.0108770 | 0.0029085 | 3.74 0.000 | 0.0051755 |0.0165784
Constant | 9.1320340 |0.0103583 |881.62 |0000 |9.1117290 |9.1523390
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Table 5

Regression Results for Estimating Backpressure Effects at LEC Unit 3

Source S8 dfF MS Number of obs = 7566
Model 67.6282965 4 16.9070741 F (4, 5928) = 1958.39
Residual 65.2753697 7651 0.008633166 Prob > F = 0.0000
Total 132.903666 7565 0.017568231 R-squared = 0.5089
Adjusted R-squared = 0.5086
Root MSE = 0.09291
Log HR Coefficient | Srandard t P>[t| 95% Conf. Interval
Log W Temp 0.0092131 0.0039759 2.32 0.021 0.0014191 0.0170071
RampUp 0.2537486 0.0057995 43.75 0.000 0.2423799 0.2651173
Rampdown -0.0654969 0.0027670 -23.67 0.000 -0.0709209 -0.0600729
Log Pct Max -0.1086577 0.0039874 -27.25 0.000 -0.1164741 -0.1008413
Constant 9.1269420 0.0159302 572.93 0.000 9.0957140 9.1581690
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Table 6
Regression Results for Estimating Backpressure Effects at LEC Unit 4

Source S8 dfF MS Number of obs = 6576
Model 39.8308278 4 9.95770696 F (4, 5928) = 1352.18
Residual 48.3900045 6571 0.007364177 Prob > F = 0.0000
Total 88.2208323 6575 0.013417617 R-squared = 0.4515
Adjusted R-squared = 0.4512
Root MSE = 0.08581
Log HR Coefficient | Srandard t P>t 95% Conf. Interval
Log W Temp 0.0139248 0.0035218 3.95 0.000 0.0070208 0.0208288
RampUp 0.9144191 0.0206425 44.30 0.000 0.8739532 0.9548850
Rampdown -0.0841743 0.0023555 -35.73 0.000 -0.0887919 -0.0795566
Log Pct Max -0.0594626 0.0041111 -14.46 0.000 -0.0675218 -0.0514035
Constant 9.0745090 0.0146217 620.62 0.000 9.0458460 9.1031730

Figure 15 graphically depicts the relationships between water temperature and heat rate.
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Figure 15: LEC Relationship between Water Temperature and Heat Rate
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3.3.7 Step 5—Determine Efficiency Impacts
The hourly cooling water temperatures and the equations that relate cooling-water

temperature to output are used to identify heat rate under baseline and with cooling towers

conditions. Figure 16 depicts heat rate for once-through and closed-cycle cooling for Unit 1.

5903
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Figure 16: Hourly Heat Rate for LEC Unit 1

The red line represents baseline heat rate and the blue line represents the heat rate using
closed-cycle cooling water. As the figures indicate, when using this warmer water, there is a loss
in efficiency for every hour. Whereas once-through efficiencies relate to source water
temperatures, closed-cycle efficiencies are related to atmospheric heat and humidity (that is, wet
bulb temperatures). This leads to the more variable hourly effect evident in blue. The average
annual loss in gross efficiency (i.e., not including capacity effects) for all hours is 0.10 percent,
0.10 percent, 0.22 percent, and 0.33 percent for Units 1, 2, 3, and 4, respectively. These vary
hourly with maximum efficiency impacts being around 0.33 percent, 0.33 percent, 0.72 percent,

and 1.08 percent for Units 1, 2, 3, and 4, respectively.

3.4 Specify Hourly Load

Because electricity production costs vary hourly and because important cooling tower
effects that arise from wet bulb temperature vary hourly, modeling power system effects at the
hourly level is useful. Modeled hourly load follows the shape of Ameren Missouri 2016 hourly
load (Figure 17).
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Figure 17: Ameren Missouri 2016 Modeled Hourly Load

3.5 Operate Model Under Baseline Conditions
Under Baseline conditions, operations are consistent with typical operating practices. The
relationship between output and Btu consumption includes variation in cooling water temperature

which lead to the hourly varying heat rate as depicted in Figure 18 for Unit 1.
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Figure 18: Baseline Heat Rate Unit 1
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Operating the model under these Baseline conditions should produce results that are
consistent with historical operations. The model is calibrated to reproduce LEC’s 2016 generation

as depicted for Unit 1 in Figure 19.
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Figure 19: Model Calibrated Unit 1 Output

3.6 Create Scenarios Representing LEC's Conversion and Ongoing
Operations

Counterfactual scenarios are created for five years. These reflect the physical implications
of an outage for conversion and ongoing operations at LEC. For the conceptual level engineering
design, the required outage time was not determined with precision. However, it is noted in the
Burns & McDonnell (2018) evaluation that the outage is expected to be between 2 and 4 weeks.
Unit 1 is expected to be complete within the first 48 months. Each successive unit is expected to
take 16 months to install, finish associated balance of plant work, complete startup and complete

outage tie-in (Burns and McDonnell 2018).

Post-conversion operations reflect net efficiency reductions from backpressure effects and
auxiliary load. The cooling tower engineering evaluation specified 20 cells per unit. Together,
the pump and fan loads require 28.80 MW (Burns and McDonnell 2018). In power system
simulations, fans were specified as impacting system load consistent with the ratio of hourly
generation to maximum capacity. Pumps are typically left on for condenser system maintenance

purposes.
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3.7 Run Simulations to Create Counterfactual Dispatch

With the counterfactual conditions set, the model is simulated to identify the counterfactual
outcomes. These counterfactual outcomes are similar to those depicted in Figure 8. As Figure
8 indicates, additional units are dispatched to make up for lost net generation. Under a least cost
dispatch approach this leads to equal or higher hourly costs. Figure 20 depicts the change in
costs that occur when there is an outage for Unit 1 conversion followed by the operation of a
cooling tower. Because there is no change prior to the Unit 1 outages, changes in costs do not
begin until Hour 1417, when the cutage begins.
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Figure 20: Incremental Hourly Costs in Unit 1's Closed-Cycle Cooling Conversion
Year (Hour Zero is January 1st at 12am)

For the second outage year, Unit 1 would be running under counterfactual conditions (i.e.,
with-cooling-tower conversion). Figure 21 depicts the change in costs that occur when there is
an outage for Unit 2 conversion followed by the operation of Unit 2’s cooling tower. Changes in
costs prior to Hour 1417, when Unit 2's outage begins, are the result of Unit 1's cooling tower

running.
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Figure 21: Incremental Hourly Costs in Unit 2's Closed-Cycle Cooling Conversion
Year (Hour Zero is January 1st at 12am)

For the third outage year, Units 1 and 2 would be running under counterfactual conditions
(i.e., with-cooling-tower conversion). Figure 22 depicts the change in costs that occur when there
is an outage for Unit 3 conversion followed by the operation of Unit 3’s cooling tower. Changes in
costs prior to Hour 1417, when Unit 3's outage begins, are the result of Unit 1 and Unit 2’s cooling

towers running.
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Figure 22: Incremental Hourly Costs in Unit 3's Closed-Cycle Cooling Conversion
Year (Hour Zero is January 1st at 12am)
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For the fourth outage year, Units 1 through 3 would be running under counterfactual
conditions (i.e., with-cooling-tower conversion). Figure 23 depicts the change in costs that occur
when there is an outage for Unit 4 conversion followed by the operation of Unit 4’s cooling tower.
Changes in costs prior to Hour 1417, when Unit 4’s cutage begins, are the result of Unit 1, Unit

2, and Unit 3’s cooling towers running.
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Figure 23: Incremental Hourly Costs in Unit 4’s Closed-Cycle Cooling Conversion
Year (Hour Zero is January 1st at 12am)

As the units come back online, additional load is incurred because of auxiliary load and
backpressure effects. Total power system costs for the first conversion year are $2.589M. Power
system costs for the second conversion year are $4.392M. Power system costs for the third

conversion year are $5.742M. Power system costs for the fourth conversion year are $6.077M.

A typical year with cooling tower operation has costs like those of the post-conversion
period depicted in Figure 23. However, these effects occur over the entire year as depicted in

Figure 24.
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Figure 24: Incremental Hourly Costs in Typical Year after Conversion to Closed-
Cycle Cooling

As Figure 24 indicates, ongoing costs reach their maximum at about $1,100 per hour.
Because of continual pump operation, costs occur in all hours with a minimum of approximately

$250. Power system costs for the typical ongoing year total $6.221M.

Similar calculations were conducted for auxiliary loads 2.0mm dual-flow fine mesh screens
and 0.5mm fine mesh screens. Power requirements for the 2.0mm dual-flow fine mesh screens
is expected to be similar to the power requirements of the anticipated future minimum baseline
operation condition which is impingement compliance with TWSs that are continuously rotating
and washing. Power requirements of the 0.5mm fine mesh screens is expected o be 5,900 MW
annually using a capacity factor of 75 percent. Table 7 summarizes the incremental power system
costs by year for each technology. Tables 8 through 11 present incremental increases in fuel

consumption and emissions for closed-cycle cooling and 0.5mm fine mesh screens.

Table 7
Incremental Power System Costs by Technology
Conversion Conversion Conversion Conversion Ongoing
Technology Year 1 Year 2 Year 3 Year 4 Year
Closed-Cycle Cooling $2.589M $4.392M $5.742M $6.077M $6.22M
2.0mm Dual-Flow FMS $0 — —_ — $0
0.5mm FMS $0.117M —_ — — $0.156M
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Table 8
Net Fuel Consumption and Costs from Closed-Cycle Cooling

Conversion Conversion Conversion Conversion Ongoing

Metric Year 1 Year 2 Year 3 Year 4 Year
MMBtu 0.5M 1.09M 1.69M 2.92M 2.42M
$ $2.588M $4.392M $5.742M $6.077M $6.221M
Table 9
Net Air Emissions from Closed-Cycle Cooling
Pollutant Conversion Conversion  Conversion  Conversion Ongoing
Year 1 Year 2 Year 3 Year 4 Year
Carbon Dioxide (CO2) tons 47.51K 98.79K 154.0K 208.3K 221.6K
Sulfur Dioxide (SO2) tons 0.23K 0.33K 0.43K 0.48K 0.49K
Nitrogen Oxide (NOX) tons 0.03K 0.08K 0.11K 0.119K 0.124K
Particulate Matter (PM) tons 1.99K 414K 6.46K 8.73K 9.29K
Table 10
Net Fuel Consumption and Costs from 0.5mm Fine Mesh Screens
Metric Conversion Years Ongoing Year
MMBtu 46.1K 60.4K
$ $0.117M $0.156M
Table 11
Net Air Emissions from 0.5mm Fine Mesh Screens
Pollutant Conversion Years Ongoing Year
Carbon Dioxide (CO2) tons 4.15K 5.58K
Sulfur Dioxide (802) tons 8.73 12.30
Nitrogen Oxide (NOX) tons 2.52 3.16
Particulate Matter (PM) tons 173.9 223.9
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Appendix 11 A
40 CFR 122.21(r)(11) — Benefits Valuation Study

Methods Used to Estimate Biological Efficacy of Fine-Mesh Screening
Technology at the LEC
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In this report, fine-mesh screens refer to fine-mesh traveling water screens. This technology
reduces entrainment by preventing smaller aquatic organisms from entering the cooling water
intake structure. With fine-mesh traveling screens, the excluded organisms are retained on the
screen and then transported by a screen wash system back to the source waterbody. This
handling imparts additional stress, injury and scale loss that could lead to mortality of the excluded
organisms. Therefore, to properly measure the potential biological benefits of fine mesh traveling
water screens, the mortality of the eggs, larvae, and early juveniles that would be retained on the
screens must also be considered. This mortality is species-specific and dependent upon their
biology (life stage, relative hardiness, etc.) as well as the screen operating characteristics (rotation
speed, spraywash pressure, etc.) at this facility.

This attachment describes the methods and estimates of exclusion for each of the two mesh sizes
evaluated at the LEC; 0.5 mm and 2.0 mm for each of the Target Taxa. In addition, estimates of
subsequent retention mortality for each of the Target Taxa are provided for fine-mesh traveling
water screens alternatives.

Retention

The retention rate of entrained larvae and entrainable juveniles for each of the five Target Taxa
selected for the LEC was estimated based on site-specific measurements collected as part of a
Entrainment Characterization Study. Retention was estimated under the assumption that the
maximum cross-sectional diameter of the organism must be greater than the mesh diagonal if it
is to be fully retained as proposed by Smith et al. (1968). For eggs, the cross-sectional diameter
is simply the mean diameter of the egg, however since larval fish are soft bodied and can be
compressed, the deepest non-compressible portion of the body is the head capsule. Hence, the
head capsule depth (HCD) was used to predict exclusion.

Larval and entrainable juvenile length and HCD measurements from an entrainment monitoring
program conducted at the Sequoyah Nuclear Station in 2015 and 2016 were used to estimate
exclusion for freshwater drum and gizzard shad. For the other two Target Species, larval and
entrainable juvenile length and HCD measurements were obtained from the studies conducted
and reported in EPRI (2010). These data were used to develop a polynomial relationship between
the two measurements for each of the Target Taxa:

HCD =al®+ bl +cL+d
where:

L = Total length of larvae.

Estimate model parameters for each of the Target Taxa are:

Freshwater Drum Drum family 314 0:29148 -0:08951 0.03917 0.00000 0:01 118
Gizzard Shad Herring family 345 0.69882 | -0.12447 | 0.01395 | -0.00014 0.07854
Minnows Emerald shiner 6 0.13613 | -0.11535 0 0 0.00182

aNumber of individual measurements.

" Data provided courtesy of the Tennessee Valley Authority (TVA). Study collected all of the species groups
used in this assessment. See TVA (2017) for details on study.
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Using these species-specific polynomial models, the mean HCD (u) and associated variance (&)
about this estimate can be calculated for any length. The individual measurements of length and
HCD along with the polynomial regression models for each of the four Target Taxa are provided
in the top panel of Figures A-1 through A-4.

Using the estimates of mean and variance of HCD associated with each length as described
above, probabilities of exclusion [Pr(X < x)] were derived for each Target Taxa and screen mesh
dimension by integrating estimated HCDs and the associated standard deviations under a normal
curve:

PriX <x) =

fx e“((ln(§;;H)2>
OV2TJ o

where:

X = minimum mesh dimension;
i = predicted mean natural log (In) (HCD); and,
o= variance of predicted In (HCD)

Estimates of retention for each of two screen mesh dimensions and for each Target Taxa are
provided in bottom panel of Figures D-1 through D-4.

When using a morphometric approach to estimating fine-mesh exclusion such as above, however,
it should be noted that other factors such as water velocity, headloss, orientation of the larvae at
the time of contact with the mesh, and consistency of mesh opening sizes can impact the accuracy
of these models in predicting exclusion. Results from EPRI-sponsored laboratory studies (EPRI
2010) indicate that organisms physically able to pass through screen mesh do not always become
entrained. Such organisms are sometimes collected in the fish return buckets or become
impinged on the mesh due to a lateral orientation to the flow direction and body lengths that span
several screening filaments. In these cases, the morphometric approach would underestimate
retention. On the contrary, gaps between traveling water screen gaskets, gaps in side seals, or
carryover issues could result in entraining organisms which were theoretically too large to pass
through the mesh.

Fine mesh screen exclusion rates for eggs of the Target Taxa were based on egg diameters
assuming a 10 percent compression. Egg diameters were obtained from Auer (1982) and Wang
and Kernehan (1979). The resulting best professional estimates of percent exclusion by screen
mesh opening are as follows:

Minnows 100 100 99
Freshwater Drum 100 90 0
Gizzard Shad 99 15 0
Channel caffish - - -

2 No catfish eggs entrained.
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Retention Survival

Evaluation of potential retention survival began with a review of studies on fine-mesh traveling
water screen survival for other sites with modified traveling water screens or other evaluations
(e.g., laboratory and pilot-scale studies). For the Target Taxa entrained at the LEC, a number of
studies on fine mesh retention survival for larvae and entrainable juveniles were identified (Table
D-1). In addition, Bruzek and Mahadevan (1986) reported an initial survival rate of 63 percent for
freshwater drum.

Based on this information, estimates of the survival rates of each life stage of each of the Target
Taxa using BPJ were developed and these values are listed in Table D-2.

Table 11 A-1 Available information on impingement survival for each Target Species by life stage.

None

Larval

NR

186

33.3-96.2

ea onsuitants

1988

. Beak Consultants 2000a

Minnows . ;

. . . 2000b; Lindsay 1991; LMS

Cyprinidae Juvenile 36-113* | 27,406 493 -98.2 1991 Normandeau 1995

EPRI 2006*

Egg 1.15-2.0 | 51,202 - Bruzek & Mahadevan 1986

gﬁf:water None Larval 3.3-14.3 | 24581 04-48 Kuhl & Mueller 1988

Juvenile 41-104 1,189 | 99.5-100.0 EPRI 2006

Larval 55-21.7 2922 0-1.0 Kuhl & Mueller 1988

Gizzard Shad Eae::i?g Beak Consultants 2000a,

y Juvenile 38-461 8,828 0.0 - 100.0 2000b; LMS 1991;

Normandeau 1995

Channel None Larval 9.7-23.0 | 17,220 18.0-85.0 EPRI 2010

catfish Ictalurus spp. | Juvenile NR | 2,247 0.0-100.0 EPRI 2013
NR = Not Reported
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Table 11 A-2 Best professional judgement impingement survival for each Target Species by life

stage used to calculate entrainment losses at the LEC.

Egg 50.02
Minnows Larval 624
Juvenile 78.6
Egg 63.0
Freshwater Drum Larval 3.0
Juvenile 995
Egg 50.02
Gizzard Shad Larval 1.0
Juvenile 51.6
Channel caffish Larval 50.0°
Juvenile 81.4

2No information. Assumed value based on studies conducted on other species.
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Figure 11 A-1 Head capsule depth (top) and predicted screen retention (bottom) as a function of
the minnow larval and early juvenile length based on the results of studies reported in
EPRI (2013).
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Figure 11 A-2 Head capsule depth (top) and predicted screen retention (bottom) as a function of
the drum family (Sciaenidae) larval and early juvenile length based on the results of
entrainment monitoring at the Sequoyah Nuclear Station in 2015 and 20186.
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Figure 11 A-3 Head capsule depth (top) and predicted screen retention (bottom) as a function of
length for the herring family (Clupeidae) larval and early juvenile length based on the
results of entrainment monitoring at the Sequoyah Nuclear Station in 2015 and 2016.
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Figure 11 A-4 Head capsule depth (top) and predicted screen retention (bottom) as a function of
length for the channel catfish larval and early juvenile length based on the results of

studies reported in EPRI (2013).
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40 CFR 122.21(r)(11) — Benefits Valuation Study

Target Species Life History Parameters
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Table 11 B-1 Life history parameters for channel catfish used to calculate equivalent losses?.

Egg 8 0.0687° 0.0000 0.00 0.0017
YSL 9 0.0687° 0.0000 0.00 0.0017
PYSL 14 0.0687° 0.0000 0.00 0.0039°
Ent. Juv 40 0.01163" 0.0000 0.00 0.0460
Age 0 294 0.01163" 0.0000 0.00 0.0678°
Age 1 365 0.0008° 0.0008° 0.00 1.3 0.50 0.00
Age 2 365 0.0008° 0.0008° 0.00 20.3 0.50 0.00
Age 3 365 0.0008 ° 0.0008° 0.00 77.9 0.50 0.00
Age 4 365 0.0008° 0.0008° 1.00¢ 195.6 0.50 1.00 609
Age 5 365 0.0008° 0.0008° 1.00¢ 399.5 0.50 1.00 1,243
Age 6 365 0.0008 ¢ 0.0008° 1.00¢ 701.3 0.50 1.00 2,183
Age 7 365 0.0008° 0.0008° 1.00¢ 1,186.0 0.50 1.00 3,691
Age 8 365 0.0008° 0.0008° 1.00¢ 1,697.2 0.50 1.00 5,283
Age 9 365 0.0008 ° 0.0008° 1.00¢ 2,724.6 0.50 1.00 8,480
Age 10 365 0.0008° 0.0008° 1.00¢ 3,968.3 0.50 1.00 12,351
Age 11 365 0.0008° 0.0008° 1.00¢ 3,595.1 0.50 1.00 11,190
Age 12 365 0.0008° 0.0008° 1.00¢ 47736 0.50 1.00 14,858
@ Unless otherwise noted, all values from EPRI (2012), Table 5-76 and 5-78 for channel catfish, Mississippi River.
» Adjusted to stable population as described in Attachment C.
¢ Assumed species fully exploited by commercial and recreational fishermen (m = z/2; f= z/2).
°These stage weights determined by interpolation assuming a constant instantaneous growth rate.
4 Based on information provided in Graham and DeiSanti (1999).
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Table 11 B-2 Life history parameters for emerald shiner used to calculate equivalent losses?

YSL 19 0.0608 0.0000 0.00 0.0030°
PYSL 19 0.0608° 0.0000 0.00 0.0118°
Ent. Juv 40 0.0127° 0.0000 0.00 0.0465
Age 0 280 0.0127° 0.0000 0.00 0.0586°
Age 1 365 0.0049 0.0000 0.00 2.4057 0.50 1.00 1,500
Age 2 365 0.0049 0.0000 0.00 5.1951 0.50 1.00 1,500
Age 3 365 0.0049 0.0000 0.00 6.7522 0.50 1.00 1,500
Age 4 365 0.0049 0.0000 0.00 7.4775 0.50 1.00 1,500
2 Uniess otherwise noted, all values from EPRI (2012), Table 5-92 and 5-93, emerald shiner.
> Adjusted to stable population as described in Attachment C.
¢ These stage weights determined by interpolation assuming a constant instantaneous growth rate.
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Table 11 B-3 Life history parameters for freshwater drum used to calculate equivalent losses?

Egg 5 0.2136° 0.0000 0.00 0.00006 0.50 0.00
YSL 20 0.2136° 0.0000 0.00 0.00006 0.50 0.00
PYSL 20 0.2136° 0.0000 0.00 0.00188° 0.50 0.00
Ent. Juv 40 0.0087° 0.0000 0.00 0.06000 0.50 0.00
Age 0 280 0.0087° 0.0000 0.00 0.14581° 0.50 0.00
Age 1 365 0.00033 0.0000 0.00 73 0.50 0.00
Age 2 365 0.00033 0.0000 0.00 114 0.50 0.00
Age 3 365 0.00033 0.0000 0.00 164 0.50 0.00
Age 4 365 0.00033 0.0000 0.00 223 0.50 0.50 21,764
Age 5 365 0.00033 0.0000 0.00 290 0.50 1 28,271
Age 6 365 0.00033 0.0000 0.00 363 0.50 1 35,456
Age 7 365 0.00033 0.0000 0.00 443 0.50 1 43,221
Age 8 365 0.00025¢ 0.00008 ¢ 1.00° 527 0.50 1 51,467
Age 9 365 0.00025¢ 0.00008 ¢ 1.00¢ 616 0.50 1 60,096
Age 10 365 0.00025¢ 0.00008 1.00° 707 0.50 1 69,016
Age 11 365 0.00025¢ 0.00008 ¢ 1.00° 801 0.50 1 78,139
Age 12 365 0.00025¢ 0.00008 1.00° 896 0.50 1 87,388
Age 13 365 0.00025¢ 0.00008¢ 1.00¢ 991 0.50 1 96,689
Age 14 365 0.00025¢ 0.00008 1.00° 1086 0.50 1 105,980
Age 15 365 0.00025¢ 0.00008 1.00° 1181 0.50 1 115,205
Age 16 365 0.00025¢ 0.00008 ¢ 1.00° 1274 0.50 1 124,315
Age 17 365 0.00025¢ 0.00008 1.00° 1366 0.50 1 133,270
Age 18 365 0.00025¢ 0.00008 1.00° 1456 0.50 1 142,034
Age 19 365 0.00025¢ 0.00008 ¢ 1.00° 1543 0.50 1 150,579
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Age 20 365 0.00025¢ 0.00008¢ 1.00° 1628 0.50 1 158,883
Age 21 365 0.00025¢ 0.00008 ¢ 1.00° 1711 0.50 1 166,927
Age 22 365 0.00025 0.00008 ¢ 1.00¢ 1790 0.50 1 174,697
Age 23 365 0.00025¢ 0.00008 ¢ 1.00° 1867 0.50 1 182,185
Age 24 365 0.00025¢ 0.00008 1.00° 1941 0.50 1 189,383
Age 25 365 0.00025¢ 0.00008¢ 1.00° 2012 0.50 1 196,288
Age 26 365 0.00025¢ 0.00008 ¢ 1.00° 2079 0.50 1 202,900
Age 27 365 0.00025¢ 0.00008¢ 1.00° 2144 0.50 1 209,219
Age 28 365 0.00025¢ 0.00008 ¢ 1.00° 2206 0.50 1 215,250
Age 29 365 0.00025¢ 0.00008 1.00° 2265 0.50 1 220,996
Age 30 365 0.00025¢ 0.00008 ¢ 1.00¢ 2321 0.50 1 226,464
Age 31 365 0.00025¢ 0.00008 1.00° 2374 0.50 1 231,661
Age 32 365 0.00025¢ 0.00008¢ 1.00° 2425 0.50 1 236,594
Age 33 365 0.00025¢ 0.00008 ¢ 1.00° 2473 0.50 1 241,272
Age 34 365 0.00025¢ 0.00008 1.00° 2518 0.50 1 245,704
Age 35 365 0.00025¢ 0.00008 1.00° 2561 0.50 1 249,899
Age 36 365 0.00025¢ 0.00008 1.00° 2602 0.50 1 253,866
Age 37 365 0.00025¢ 0.00008¢ 1.00° 2640 0.50 1 257,614
Age 38 365 0.00025¢ 0.00008 ¢ 1.00° 2676 0.50 1 261,154
Age 39 365 0.00025¢ 0.00008¢ 1.00° 2711 0.50 1 264,494
Age 40 365 0.00025¢ 0.00008 ¢ 1.00° 2743 0.50 1 267,644
@ Unless otherwise noted, all values from EPRI (2012), Table 5-80 & 81.
® Adjusted to stable population as described in Attachment C.
®These stage weights determined by interpolation assuming a constant instantaneous growth rate.
¢ Assumed species moderately exploited by commercial and recreational fishermen (m = 0.75z; f=0.25z).
¢ Assumed value based on best professional judgement.
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Table 11 B-4 Life history parameters for gizzard shad used to calculate equivalent losses?

Egg 2 0.4480° 0.0000 0.00 0.0001

YSL 10 0.2390° 0.0000 0.00 0.0001

PYSL 17 0.2390° 0.0000 0.00 0.0008°

Ent. Juv 40 0.0130° 0.0000 0.00 0.0612

Age 0 296 0.0130° 0.0000 0.00 0.0854°

Age 1 365 0.0025 0.0000 0.00 21 0.50 0.50 59,482
Age 2 365 0.0025 0.0000 1.00 110 0.50 1.00 341,997
Age 3 365 0.0025 0.0000 1.00 227 0.50 1.00 341,997
Age 4 365 0.0025 0.0000 1.00 319 0.50 1.00 341,997
Age 5 365 0.0025 0.0000 1.00 409 0.50 1.00 341,997
Age 6 365 0.0025 0.0000 1.00 513¢ 0.50 1.00 341,997
Age 7 365 0.0025 0.0000 1.00 811°¢ 0.50 1.00 341,997
@Unless otherwise noted, all values from EPRI (2012), Table 5-87 & 89.

® Adjusted to stable population as described in Attachment C.

°These stage weights determined by interpolation assuming a constant instantaneous growth rate.

ASA ANALYSIS & COMMUNICATION B-5 APPENDIX 11 B

ED_004978_00000571-00063



CWA § 316(b) EVALUATION TO SUPPORT 40 CFR 122.21(1)
AMEREN MISSOURI LABADIE ENERGY CENTER

Appendix 11 C
40 CFR 122.21(r)(11) — Benefits Valuation Study

Methods Used to Establish Stable Population Parameters
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The assumption that each life table of each Target Taxa reflected a stable population was checked
using standard life-table calculations adapted from Gotelli (1995) and corrected, if necessary,
using the steps below: {Note: Stages (age < 1 year) are indexed by i and have values E (eggs),
Y (yolk-sac larvae), P (post yolk-sac larvae), and J (juvenile). Ages 1 and older are indexed by x,
and have values reflecting Ages 1 to k.}

1. Survival from egg to Age 1 (S, ) was calculated using estimates from the
scientific literature:

I aMe
Sgon = e L= Mi = 5,5,y S pSiey

where:
di = duration of stage / in days; and,
Mi = available daily instantanecus mortality rate of stage 7/ from the

scientific literature.

2. The net reproductive rate (Ro) of the adults was calculated as follows:

Ry = Spq Zla‘é:l Sqox by

where:

Six = survival from age 1toage x = e~ XidxMx: gng

by = average number of eggs produced by an individual of age x
(incorporates age-specific sex ratio, female maturity rate, and
fecundity);

k = maximum age.

3. Using the estimates developed above, the population generation time was
calculated as follows:

G = SEo1 Zylg:lxsl—mbx
Ry
4. Next, calculate the rate of population increase as follows:
~ In(Ry)
TG

5. Lastly, if rwas not approximately 0 (Ro = 1), then all stage mortality rates (M) that
comprise Se..s were multiplied by a constant (C) to balance the life history (i.e.,
population size is stable).

C=— Yy=1S1-xbx
Z{zE diM;
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From: Hackler, Pam

To: Kohlbusch, Meghan

Cc: Giesmann, Craig J; Abbott, Michael
Subject: [EXTERNAL] Labadie Peer Reviewers
Date: Monday, June 03, 2019 3:11:15 PM

EXTERNAL SENDER

Good afternoon Meghan,

Thank you for the submission of the three curricula vitae (Barnthouse, Cuchens, and Lupi) as the
proposed peer reviewers for the Labadie 316(b) studies. The studies requiring peer review, at 40 CFR
122.21{r}(10) Comprehensive Technical Feasibility and Cost Evaluation Study, {r)}{11)} Benefits
Valuation Study, and (r}{12} Non-Water Quality Environmental and Other Impacts Study, appear to
be wholly appropriate for these three reviewers.

In response to your request for a timely endorsement, an email is being sent. If Ameren requires a
letter of approval, please let me know. It is our understanding, 40 CFR 122.21(r}{13) reviewers do
not require official approval from the permitting authority. Thank you for the opportunity to review
their curricula vitae.

Thanks,
Pam

Por Fackler

Parmn Hackler, Environmental Scientist

Missouri Department of Natural Resources

Water Protection Program; Industrial Wastewater Unit; NPDES Permitting
Tel: 573-526-3386

Email:pam.hackler@dnr.mo.gov

We'd lilke your feedback on the service you received from the Missourt Department of Natural Resources, Please consider
taking e few minutes 1o complete the Department’s Customer Satisfaction Survey at
https://www,surveymonkey.com/r/MoDNRsurvey. Thank you.
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